Information concerning corn plant development within predicted environmental constraints and the possibility of alleviating their negative infl uence by ecological compounds is limited. Thus the aim of our research was to evaluate the physiological activity, growth, and development of corn plants under the expected climate-change conditions and treated with Biojodis (certifi cated extract of humus and active iodine; Jodavita, Lithuania) and Cyanobacteria (a mixture of monocultures of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120). 'Cyrkon' corn plants (Zea mays L.) were cultivated in several simulated predicted climate conditions, including constant or periodically changing temperature and soil moisture content. During the vegetative season they were treated at three-week intervals using Biojodis at concentrations of 1.0, 2.0, or 3.0%, and Cyanobacteria, and then assessed using growth and physiological parameters.
Introduction
Ecological or integrated plant production, with removal or limitation of pesticides, is becoming a top issue among the agriculture and food sector around the world. Most activities related to this production focus on gaining a high yield of plants that are free of toxic components and can be used in the food industry. These demands are becoming more urgent at present due to increased needs for healthy food production, the fast-growing population, and climate changes that may disturb the balance of plant production and ecosystems and lead to future environmental degradation [1, 2] .
Global climatic changes may cause unpredictable problems connected with yielding, agro technology, plant disease, and pest control, which may lead to a reduction of corn yield and disrupt the food industry due to the importance of this species to human and animal diets. Based on assessing growth in present and simulated conditions, nowadays authors work on ecological methods of plant cultivation relating to the expected temperature changes, soil moisture (artifi cial drought and rainfall), and application of ecological biostimulators. It is expected that this research will result in increasing food crop yield and plant resistance to stress, as it was observed in the case of other plants [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . It is assumed that biofortifi cation of plants with iodine (a component of Biojodis) can become an alternative method to salt iodization, and that introducing this element to the human diet can affect plant development. Iodine's effect on plant growth has not yet been successfully examined. However, the application of iodine may signifi cantly improve growth in favorable conditions, and thus its application can reduce plant fertilization and environment pollution [12] [13] [14] [15] [16] [17] .
In recent years, a lot of attention has been paid globally to the use of Cyanobacteria to intensify plant development under favorable conditions. These bluegreen algae have been reported to contain the majority of substations needed for plant growth, among others: amino acids, nutrients, sugar, growth-promoting bioregulators (auxin, GA, cytokinins), vitamins, amino acids, and several other secondary metabolites stimulating plant development [18] [19] [20] [21] [22] [23] [24] . Cyanobacteria strains are able to fi x atmospheric nitrogen and enrich the soil, rice, wheat, willow, and other plants with this nutrient [8, [25] [26] [27] . This natural biofertilizer can play an important role in maintenance and buildup of soil fertility, consequently increasing development and yield of plants as discovered in oats, radish, rice, sugarcane, barley, tomato, chili, cotton, wheat, maize, lettuce, gillyfl ower, grapevine, and willow grown in favorable conditions [8, [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The mentioned fi ndings concerning the positive impact of Biojodis and Cyanobacteria are mostly related to plants grown in favorable conditions and do not apply to plants cultivated under adverse temperature and soil moisture content, particularly in the context of a changing climate. Due to scant information concerning plant growth in the expected climate changing conditions, the aim of the presented research is to evaluate corn development under periodically changing temperatures and soil moisture. We also explored the effects on corn development by the ecological compound Biojodis and Cyanobacteria strains used to alleviate the harmful infl uence of insuffi cient temperature and drought or fl oating.
Material and Methods

Material and Exposure Regimes
The commercial grains of corn (Zea mays L.) var. Cyrkon obtained from the Nasiona Kobierzyc breeding company in Poland were sown in 3 l pots fi lled with a mixture of sand and peat (1:1 = v:v). Then the pots were transferred to the growth chambers with several simulated climate conditions, which probably will take place in the future around the world, including constant or periodically changing temperature and soil moisture content (m.c.).
They were as follows: 1) Constant soil m. ). Moisture content of the growing media was regulated by adding the appropriate amount of water or not watering. Water content of growing media was controlled twice daily using a moisture meter (Delta-T Devices Ltd) equipped with WET sensors. The media moisture content was expressed as a percentage of volumetric water content in growing media (% Vol.) [4] . moisture content and partly restored the harmful effects of artifi cial temperature and water stress on plant development and physiological activity. Biojodis also can increase the iodine content in corn and uptake of nutrients from the soil, and thus decrease environmental pollution.
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The separate batches of plants grown under these conditions were triple-treated in three-week intervals by watering, spraying, or watering and spraying with Biojodis (containing extract from humus and active iodine; Jodavita, Lithuania) at concentrations of 1.0, 2.0, and 3.0%, and by foliar application of non-toxic Cyanobacteria (mixture of monocultures of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120).
The biostimulator Biojodis was obtained from PHU Jeznach Sp.j. Cyanobacteria (a mixture of monocultures of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120) were cultivated on BG11 medium (ATCC Medium 616) at 27ºC under an 18W FAREL lamp according to the procedure outlined by Romanowska-Duda et al. [32] . Prior to application, each monoculture was centrifuged for two min. (4,000 rev/min.) and suspended in water. Then the number of cells was counted using a Fuchs-Rosenthal hemocytometer. Cell density used in the experiments was estimated to be 2.5 ×105 cells ml -1 water.
For each treatment three replicates in three series were prepared and every replicate contained 50 plants grown in 50 separate containers. Exposure periods were kept for the entire vegetative season up to fl owering.
Determination of Plant Growth and Physiological Activity
The infl uence of the mentioned simulated climate conditions and application of biostimulator Biojodis and Cyanobacteria on plant development was evaluated on the basis of measurements of plant height, index of chlorophyll content, activity of net photosynthesis, transpiration, stomatal conductance and concentration of intercellular CO 2 , activity of acid and alkaline phosphatase, RNase, and electrolyte leakage from leaves. These measurements were performed several times during the vegetative season depending on the intensity of plant growth.
Plant height was measured with ruler from soil to the upper part of leaves [4] . An index of chlorophyll content in leaves was evaluated using Minolta SPAD-502, Japan [34] .
Gas exchange (activity of net photosynthesis, stomatal conductance, intercellular concentration of CO 2 , and transpiration) were measured using the gas analyzer apparatus TPS-2 (PP Systems, USA) [8, 9, 35, 36] .
Activities of acid and alkaline phosphatase and RNase in leaves were examined according to methods described by Knypl and Kabzinska [37] .
Electrolyte leakage was investigated at 20ºC after placing 1-g leaf segments in test tubes and adding 3 ml of distilled water. Electrolyte leakage was measured after two and four hours using a CC-551 Elmetron microcomputer conductivity meter [4] .
Statistical Analysis
Results concerning plant height, index of chlorophyll content, gas exchange, activity of acid and alkaline phosphatase and RNase, as well as electrolyte leakage from leaves were analyzed using analysis of variance. The means were separated using Tukey's lowest signifi cant difference (LSD) at an alpha level of 0.05. The data, presented in the graphs also were expressed as average ± standard deviation (SD).
Results
Infl uence of Biojodis and Cyanobacteria on Corn
Plant Development at Adverse Temperature and Soil Moisture
Research showed that the investigated corn plants were very sensitive to the applied temperature and soil moisture content conditions. They developed well at temperatures of 20ºC and 30% soil moisture content. Biojodis, applied at concentrations of 1, 2, and 3% to soil or plants or simultaneously to soil and plants, greatly increased their height and physiological activity at 20ºC and 30% soil m.c. Triple application to the plants at concentrations of 1 or 2% were most effective. Also, a few hours time corn freezing at -5ºC severely damaged plants and subsequent treatment with 40oC or Biojodis did not alleviate its negative infl uence (Figs 1, 3) .
A constant temperature of 10ºC affected poor plant development. Single, double, or triple treatment at this temperature with Biojodis (1.0-3.0%) had a poor effect on seedling emergence and plant growth (Fig. 3) .
A few days' exposure to a constant 40ºC positively affected corn development, compared to 10 and 20ºC. Biojodis applied to plants increased their growth to a degree similarly as for 20ºC (Fig. 3) . The eight-hours seedling treatment at 0ºC decreased plant growth and subsequently their exposure to 40ºC hardly restored the insuffi cient effect of this chilling. Also, freezing corn at -5ºC for a few hours severely damaged plants, which subsequent treatment with 40 o C or Biojodis did not alleviate (Figs 1, 3) .
The obtained results show that growth of corn plants can be determined also by artifi cial soil moisture content. The decreased plant growth was observed after plant exposure to drought (20% soil m.c.) or stress caused by excessive soil watering (60% soil m.c.). Plants that grew in the soil periodically dried to 20% m.c. and then watered up to 60% m.c. developed slowly in comparison with those growing in media continuously moistened up to 30% m.c. Treatments with Biojodis at the concentrations and frequencies mentioned above positively affected plant development under stress affected by drought or artifi cial soil moistening (Fig. 1) .
The alterations in plant growth were associated with the respective changes in the index of chlorophyll content in leaves, electrolyte leakage from leaves, and also with the activity of net photosynthesis, stomatal conductance, intercellular concentration of CO 2 , transportation, and the activity of acid and alkaline phosphatase and RNase (Figs 4, 5, 6, 7, 8 ).
The performed research shows that foliar application of Cyanobacteria can also increase the development of corn, which is cultivated under adverse conditions of temperature and soil moisture and can partly alleviate the negative infl uence of this stress on plant growth. The triple foliar biofertilization of corn grown at different temperatures and under adverse moisture content with intact cells of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120 (Cyanobacteria mixture), resulted in increased height and physiological performance in comparison to control, in which the corn was sprayed with tap water only ( Table 1) .
Discussion
The obtained results gives information that corn growth can be negatively affected in the future by several predicted adverse climate changes. The treatments with ecological Biojodis (containing iodine) and non-toxic Cyanobacteria can help to overcome the negative infl uence of these not-too-drastic but expected climatic conditions on plant growth, minimize pollution of the environment, and increase the suitability of corn as an energy plant and a food enriched with iodine.
The performed research showed different reactions of the corn plants to the applied temperature and soil moisture conditions, as has also been observed in other crops [1, 3, 5, 38] . All corn plants grew well at 20ºC and 30% soil moisture content, which seems to be suffi cient conditions for corn development. Transferring these plants to lower temperature and soil moisture decreased their growth dependent of harmfulness of stress, similar to willow and Virginia mallow plants [7, 34] .
A temperature of 20ºC, existing now and expected in the future in some regions, is suffi cient for corn cultivation because it positively affects grain germination, seedling emergence, and plant growth. Biojodis applied to soil or plants cultivated at 20ºC and 30% soil m.c. increases their height and metabolic activity. However, the improvement of this plant development depends on the applied compound concentration and frequency of treatments, as we found also in other experiments investigating other plants.
The most effective was triple plant spraying with Biojodis at concentrations of 1-2%. This is probably connected with the constant presence of this substance in plant tissues. Iodine, the main ingredient of Biojodis, is accumulated in 60% in the leaves, where it is used directly in biochemical processes. The remaining 40% of iodine moves together with assimilates in phloem into the stems and roots [16] . The positive effects of Biojodis were obtained also for grapes, Virginia fanpetals, willow, and cabbage [7, 6, 11, 32, 34,] .
The expected spring temperature of 10ºC in some regions can be harmful for corn cultivation because it affects poor grain germination, seedling emergence, and plant growth. Corn seedling treatments with Biojodis at 10ºC have inadequate effects in overcoming the negative infl uence of this temperature on growth. Similar interdependence was observed in willow and Virginia mallow. This suggests that 10ºC is too harmful for these plants' growth [7, 34] .
The obtained results indicate also that 40ºC, which presumably may periodically determine plant growth in the future, can play a crucial role in the improvement of corn development. Biojodis applied to plants at this temperature increase their growth, as it did at 20ºC. The presented results show also that growth of seedlings, which are currently affected by low temperature (0ºC), is very poor and the subsequent exposure to 40ºC and Biojodis hardly alleviates the harmful effects of this chilling. Short-time freezing of corn at -5ºC damages plants, and subsequent treatment by 40ºC or Biojodis cannot alleviate its negative infl uence.
Research also shows that drought or stress caused by excessive soil watering can decrease corn development. Plants growing in unsuitable soils (20% m.c., drought; or an excessive 60% m.c., fl oating) developed slowly in comparison with those growing in optimally moistened media (30% m.c.). Treatments with Biojodis restore the harmful effects of these stresses on corn development and metabolic activity. This indicates that the used compound can be applied in the ecological production of healthy food, like corn, which is one of the most important crops in human and animal diet and a raw material for energy production. A similar infl uence of these compounds was found in China aster and vine grapes, which are also very sensitive to low temperatures during plant development [4, 6, 10, 39] . The positive effects of Biojodis on plant yield in optimal conditions also was found in strawberry and cucumber [40, 11] . Biojodis also has increased 'Golden Delicious' apple fruit yield [13] .
Plant growth changes relating to the simulated conditions and to the used compound were associated with the similar changes in index of chlorophyll content in leaves, electrolyte leakage from leaves, activity of alkaline and acid phosphatazse, and RNase and gas exchange (activity of net photosynthesis, stomatal conductance, intercellular concentration of CO 2 , and transpiration). This confi rms that the increased growth is a consequence of the mentioned physiological processes. The above also indicates that the applied measurement methods are proper markers of the healthy food plant development evaluation [3, 5, 41] .
Biojodis' positive impact may be associated with the benefi cial effects of the iodine (important component of this compound) on the cyto-morphological changes in plants. In tomato and cabbage treated with Biojodis, phloem and xylem tissues increased in diameter. In these plants, a well-formed single layer epidermis bordered directly with one layer of collenchymas cells, under which the parenchyma tissue, greater than in control cells, was observed. Increasing the number and diameter of the xylem cells and cell wall thickness were stained more intensely than in controls. After the application of iodine, differentiated morphology of cells and the predominance of the open stomata were also observed. This demonstrates the increased transpiration and gas exchange, after the iodine application necessary for respiration and photosynthesis. Iodine also stimulated the physiological processes in cabbages, causing the cabbage to be less sensitive to climatic stress and adverse growing conditions. Also, in the cabbage treated with Biojodis or iodine we also found an increase of elemens: K, P, Mg, Ca, S, SO 4, Fe, Na, Mn, Cu, Zn, B, and Mo. It can be assumed that all the mentioned metabolic processes -including the higher amount of elements and the greater nutrient transportation from the soil to leaves by the wider xylem cells -could stimulate the growth of corn plants and increase their resistance to adverse conditions [12, 11] . In carrot plants, the application of iodine signifi cantly improved nitrogen utilization from mineral fertilizers and thus could lower fertilizer doses applied to the soil. In storage of carrot roots cultivated without N nutrition, iodine treatment contributed to a signifi cant increase in P, K, and Ca content and the reduction of Fe accumulation. It had no infl uence on Mg, S, Cu, Mn, Zn, Mo, Al, and Pb contents in these roots. Increases in iodine concentration signifi cantly enhanced iodine content in plants [17] . Ujowundu at al. also suggest possible changes in photosynthetic activity and uptake of important minerals after iodine application [14] .
In lettuce, both in winter and summer trials, the application of iodate (IO 3 biomass, although it increased quantity of these elements in leaves [15] . Research also suggests that biofortifi cation of corn, as well as vegetables, with iodine (Biojodis) can become an alternative method to salt ionization and of introducing this element to the human diet [17] . The results obtained and the authors cited data show that iodine (in Biojodis) applied to the plants may improve their growth, uptake nutrients from the soil, and increase its contents in the tissues. Therefore, it can be recommended for organic crop production, purifi cation of the environment from contaminants, and for introduction of iodine to human diet instead of salt iodization [17, 42] .
Research showed also that the triple foliar application of non-toxic Cyanobacteria (mixture of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120) not only stimulates corn development in favorable conditions but moreover can partly alleviate the harmful infl uence of adverse temperature, draught, and excessive watering stress on plant development. Treatments with non-toxic Cyanobacteria resulted in increased height and physiological activity in comparison to the control variant, in which the corn was sprayed with tap water only. These positive changes were in all variants, including different temperatures and soil moistures. These effects were observed using cell density, which was estimated to be 2.5 ×105 cells ml -1 water. They could be modifi ed by lower or higher density of the algae cells. The fact that foliar application of the studied strains increased corn growth could be caused by greater intensity of several physiological events and by plant enrichment with phytohormones, auxin (IAA), GA, cytokinins, amino acids, macronutrients (N, P, K, Ca, Mg), microelements (S, Zn, Fe, Mn, Cu, Mo, Co), polyamines, and several other secondary metabolites that can be produced by Cyanobacteria and by nitrogen assimilated by these microorganisms from the atmosphere, as described in plants of several species grown in favorable conditions by Haroun and Hussein [18] , Nain et al. [43] , Masojídek and Prášil [19] , Chojnacka et al. [20] , Nunnery et al. [21] , Perez-Garcia et al. [22] , Pszczolkowski et al. [23] , Rana et al. [44] , Sahu et al. [33] , Markou and Nerantzis [24] , Grzesik and Romanowska-Duda [8] , Michalak et al. [45] , Corbel et al. [46 47 ], Mazur-Marzec [48] , and El Khalloufi et al. [49] .
Cyanobacteria are a bio-geo-chemically important component of diverse ecosystems that play a signifi cant role in carbon and nitrogen cycling. They have the remarkable ability to form intimate symbiotic associations with a wide range of eukaryotic hosts belonging to different plant groups. The presented research shows that, due to a wide spectrum of positive infl uence on growth and physiological activity in plants, the evaluated non-toxic Cyanobacteria (mixture of monocultures of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120) can be used in the future to stimulate corn development under adverse climate change conditions.
Conclusions
The expected changes of climate conditions may grossly determine development of corn (Zea mays L.) and adversely infl uence the food industry system and energy biomass production. The periodic prevalence of low temperatures or drought and excessive soil moisture can decrease corn development. Treatments of these plants with ecological Biojodis and non-toxic Cyanobacteria (a mixture of monocultures of Microcystis aeruginosa MKR 0105 and Anabaena sp. PCC 7120) increase the growth of plants under optimal and adverse temperature and soil moisture conditions, and partly restore the harmful effects of these stresses (climate-changed conditions) on plant development and physiological activity. Biojodis and non-toxic Cyanobacteria can be applied to ecological and integrated corn production in the predicted environmental constraints to improve the yield of plants and decrease environmental pollution.
